Objective: This study aimed to assess the relationship between BRCA1 gene methylation, PD-L1 protein expression, and the clinicopathologic features of sporadic ovarian cancer (OC). Methods: Bisulfite pyrosequencing and immunohistochemistry were used to detect BRCA1 gene methylation and PD-L1 protein expression, respectively, in tumor tissues from 112 patients with sporadic OC. Their levels were analyzed against clinicopathologic characteristics and prognosis using standard statistical methods. Results: Twenty percent (22/112) of the OC cases exhibited BRCA1 gene hypermethylation. The frequency of BRCA1 hypermethylation was significantly higher in serous OC (25%) than in nonserous OC (8%; P G 0.05). No significant correlations were discovered between BRCA1 hypermethylation and age, menstrual status, tumor location, stage, lymph node metastasis, and prognosis (P 9 0.05). Among the 112 OC cases, 59% (66/112) cases were positive for PD-L1 protein expression. No significant difference existed between PD-L1 expression and age, menstrual status, histological type, tumor location, stage, lymph node metastasis, and prognosis (P 9 0.05). Moreover, no correlation existed between BRCA1 methylation and PD-L1 expression (P 9 0.05, r = 0.002). Conclusions: This is the first study linking BRCA1 hypermethylation variability to PD-L1 protein expression and the clinicopathologic features of OC. The data demonstrated that an epigenetic alteration of BRCA1 was closely associated with serous OC. The expression of PD-L1 was unrelated to the clinicopathologic features or BRCA1 hypermethylation in sporadic OC. 1 The standard and first-line treatment strategy for OC is cytoreductive surgery in combination with platinum-based and taxane-based chemotherapy. Although most patients initially achieve remission after primary chemotherapy, they relapse within 16 to 18 months and eventually die of the disease. To improve the prognosis of OC, studies have increasingly shifted their research focus to biological markers, such as genetic mutations, epigenetic alterations, and immune checkpoint proteins.
O varian cancer (OC) is one of the most lethal gynecological cancers among women, with approximately 238,700 new cases and more than 150,000 deaths worldwide in the year of 2012. 1 The standard and first-line treatment strategy for OC is cytoreductive surgery in combination with platinum-based and taxane-based chemotherapy. Although most patients initially achieve remission after primary chemotherapy, they relapse within 16 to 18 months and eventually die of the disease. To improve the prognosis of OC, studies have increasingly shifted their research focus to biological markers, such as genetic mutations, epigenetic alterations, and immune checkpoint proteins.
Breast cancer susceptibility gene 1 (BRCA1) has been under intense investigation since its identification in 1994. BRCA1 encodes a protein essential for double-stranded DNA break repair through a homologous recombination mechanism. The lifetime risk of OC is estimated to range from 35% to 59% for women with a BRCA1 mutation. 2 Germline mutations within BRCA1 or BRCA2 account for approximately 25% of familial breast cancerYOC, which are clinically manifested as hereditary breast cancer and OC syndromes. 3 The BRCA1 promoter hypermethylation is frequently detected in sporadic OC, whereas it has rarely been reported in samples from germline BRCA1 mutation cases. 4 DNA methylation is mediated by DNA methyltransferase (DNMT) enzymes, which depend on the methyl donor S-adenosyl methionine. Within CpG dinucleotides, methyl is transferred to the 5 ¶ carbon of the cytosine ring. When cytosines are methylated in the CpG island of a gene, the gene is silenced. This CpG island is termed ''hypermethylated.'' Studies have implied that DNA hypermethylation silences the gene that may be required for cancer development; therefore, the analysis of DNA hypermethylation is valuable for cancer prevention and treatment.
The current evidence clearly demonstrates that OCs are immunogenic malignancies. Tumors escape the host's immune attack through different pathways that constitute a cancerimmune escape system. The most crucial signaling pathway in the escape system is an immune checkpoint signal termed the programmed death-1 (PD-1) pathway. The PD-1 has 2 ligands, namely, PD-L1 and PD-L2. 5 PD-L1 is regarded as the primary ligand of PD-1, although the interaction of PD-1 with PD-L2 has 2-to 6-fold higher affinity compared with the interaction of PD-1 with PD-L1. 5 PD-L1 is not only expressed by activated cells including T cells, B cells, NK cells, dendritic cells, monocytes and macrophages, mesenchymal stem cells, and activated vascular endothelial cells, but also expressed in human carcinomas of the ovary, lung, and colon and in melanomas. 6 Tumor-induced immune escape has been confirmed as a crucial factor in the promotion of tumor progression. Blocking PD-1 signaling is feasible and valid in several types of malignancies, such as melanoma, renal carcinoma, and nonYsmall cell lung cancer. However, clinical trials on OC are rare, and the results have been limited and controversial.
One study demonstrated that BRCA1/2-mutated highgrade serous OC exhibited increased tumor-infiltrating lymphocyte (TIL) and PD-1/PD-L1 expression and that PD-1/PD-L1 inhibitors exerted remarkable efficacy against high-mutationalload cancers. 7 An immune checkpoint blockade combined with BRCA1 inhibition induced protective antitumor immunity and considerable survival benefit in the BRCA1 mutated tumor model. Moreover, DNMT inhibitors (DNMTis) boosted tumor immunogenicity and immune response. To date, the correlations between clinicopathologic characteristics of sporadic OC and the status of BRCA1 methylation and PD-L1 expression have not been clearly clarified. In this study, we explored the correlation between BRCA1 and PD-L1 and their links to the clinicopathologic features of sporadic OC. 
MATERIALS AND METHODS

Patient Samples
DNA Isolation, Extraction, and Pyrosequencing
Genomic DNA was extracted from 112 formalin-fixed, paraffin-embedded (FFPE) OC tissue samples with a minimum of 75% malignant tumor cells. DNA isolation was performed according to the manufacturer's recommendations (QIAGEN, Suzhou, China). DNA concentration was determined using a Nanodrop8000 spectrophotometer (Thermo, Waltham, MA), and sodium bisulfite conversion of genomic DNA was performed using an Epitect Fast DNA Bisulfite Kit (QIAGEN). Quantitative DNA methylation detection was conducted through pyrosequencing. Segments of the BRCA1 gene were amplified and analyzed from bisulfite-converted DNA through polymerase chain reaction (PCR) using the primers described in Table 1 (QIAGEN). To isolate a single-stranded amplicon, the reverse primer was synthesized with a biotin moiety at the 5 ¶ terminus in all PCR reactions. Polymerase chain reaction was performed in a 25-KL reaction volume and using a DNA Engine System (BioRad, Hercules, CA). Nine CpG sites in BRCA1 (j1332 to j1268) were measured.
After amplification, 10 KL of PCR product was mixed with Streptavidin Sepharose High Performance Beads (GE Healthcare, Chicago, IL) in a PyroMark binding buffer (QIAGEN) and diluted to a 70-KL total volume with ddH 2 O. Pyrosequencing was performed using a PyroMark Q24 real-time quantitative pyrophosphate sequence analyzer (QIAGEN). Nine CpG loci were detected for the BRCA1 gene, and the average methylation frequency at different sites was calculated to evaluate the methylation levels of the BRCA1 gene. Hypermethylation was determined when the index was 5% or greater. 
OC Tissue Immunohistochemistry Assays
The 112 FFPE OC samples were deparaffinized and then underwent antigen retrieval in a steam cooker for 1.5 minutes in edetate disodium at pH 9.0 (Maixin, Fuzhou, China). Immunohistochemistry (IHC) staining of 4-Km sections of FFPE tissue was performed with antiYPD-L1 (clone SP142; Zsbio, Beijing, China) primary monoclonal antibody. Universal secondary antibody (Agilent, Beijing, China) was applied for 15 minutes. Diaminobenzidine was used as a chromogen, and slides were counterstained with hematoxylin before mounting. Immunohistochemical evaluation of the PD-L1 in the OC specimens was based on relevant reports. Tumor samples were scored with 0 (no positive staining), 1+ (weak cytoplasmic or membranous staining in G10% of the positive cells), 2+ (weak to moderate cytoplasmic or membranous staining in Q10% of the positive cells), or 3+ (strong cytoplasmic or membranous staining in Q10% of the positive cells). Tumors were considered PD-L1 positive (2+ and 3+) when more than 10% of the tumor cells were positively stained in IHC (Fig. 1) . 9 
Statistical Methods
Data were analyzed using SPSS version 18.0 (SPSS Inc, Chicago, IL). To investigate the association between OC clinicopathologic parameters, BRCA1 promoter methylation status, and level of PD-L1 expression in OC cells, Pearson W 2 test was used. Disease-free survival (DFS) was defined as the time from diagnosis until the first recurrence or death due to OC, and overall survival (OS) was defined as time from diagnosis to date of death. Disease-free survival and OS were estimated using the Kaplan-Meier and multivariable Cox regression methods. The follow-up was defined as beginning on the day of operation. Pearson correlation analysis was performed to investigate the correlation of BRCA1 promoter methylation with PD-L1 expression in OC cells. A follow-up was conducted before July 1, 2017. All P values reported are 2-tailed, and the significance level is 5% (P G 0.05).
RESULTS
Clinicopathologic Characteristics of the 112 Sporadic OCs
The clinicopathologic parameters, BRCA1 promoter methylation, and PD-L1 expression status of the 112 sporadic OC cases are summarized in Table 2 . The median age of the patients was 53 years (range, 19Y75 years). The average methylation frequency of 9 loci was 10%, 9%, 10%, 8%, 10%, 9%, 9%, 11%, and 8%, respectively. Twenty percent (22/112) of the sporadic OCs exhibited BRCA1 promoter methylation. Although no significant association existed between BRCA1 promoter methylation and patient age, menstruation status, tumor location, tumor grade, FIGO stage, LNM, recurrence, or survival status (P 9 0.05), BRCA1 methylation was significantly correlated with serous cancer type (P = 0.03). BRCA1 promoter hypermethylation was 25% (19/75) in serous OC but only 8% (3/37) in nonserous OC. Among the 112 OC cases, 59% (66/112) were positive for PD-L1 protein expression and 41% (46/112) were negative. We did not observe a significant association between PD-L1 expression and patient age, menstruation status, tumor location, histological type, grade, FIGO stage, LNM, recurrence, or survival status (P 9 0.05). 
Survival Analyses
Survival data were most recently updated on July 1, 2017, and the median follow-up was 66 months (range, 0.5Y101 months). Tumor location, histological type, grade, FIGO stage, and LNM were associated with DFS (P G 0.05). Cases with bilateral, serous, high-grade, and advanced FIGO stages and LNM were found to have a higher likelihood of relapse. Advanced FIGO stage and LNM were associated with shorter OS (P G 0.05). Among the 112 OC cases, the relapse rate was 69% (77/112). The relapse rate for BRCA1-methylated OC was 73% (16/22), which was slightly higher than that for nonmethylated OC (68%; 61/90); however, this difference was nonsignificant (P = 0.68). According to the Kaplan-Meier analysis indicated in Figure 2A , although the median OS time for BRCA1-methylated cases was shorter (47 months) than that for nonmethylated cases (67 months), no significant difference was discovered (P = 0.19). For PD-L1 protein expression, the median survival time was 67 months in the PD-L1Ypositive group, whereas the median survival time was 63 months in the negative group. No significant difference existed between the PD-L1Ypositive and PD-L1Ynegative groups regarding DFS and OS (P = 0.86 and P = 0.83, respectively).
Multivariate analyses revealed that FIGO stage was independently associated with DFS (P G 0.01; 95% confidence interval, 3.55Y18.03) and OS (P G 0.01; 95% confidence interval 1.81Y10.58). BRCA1 promoter methylation and PD-L1 expression in OC cells were not independent factors for DFS and OS (P 9 0.05).
Correlation Between BRCA1 Promoter Methylation and PD-L1 Expression
To investigate the correlation between BRCA1 promoter methylation and PD-L1 expression in OC, Pearson correlation (41) analysis was performed. No significant correlation was discovered between them (P = 0.99, r = 0.002).
DISCUSSION
The BRCA1 gene plays a major role in DNA doublestrand breaks through the homologous dependent repair pathway, and its inactivation is linked to reduced BRCA1 protein expression and functionality, which eventually leads to a high risk of breast cancer or OC. BRCA1 mutation is known to be highly related to familial-BRCA1 cancers; however, BRCA1 promoter hypermethylation does not occur in patients with damaging germline or somatic mutations. These findings indicate that methylation is an alternate mechanism for BRCA1 silencing that has a similar role in ovarian tumorigenesis to that of BRCA1 mutation. The prognostic function of BRCA1 in sporadic OC is still in debate.
The hypermethylation rate of BRCA1 in OC was reported to be 5% to 89.9%. In our study, we adopted 5% as the methylation cutoff value according to existing studies, and the hypermethylation rate of BRCA1 was 20% (22/112). We speculate that cutoff value variation, histological heterogeneity of OCs, and differences in sample processing and assay design might account for the different DNA methylation frequencies obtained by studies. The frequency of BRCA1 hypermethylation was markedly higher in serous OC in this study, which is similar to the findings reported in previous publications. 10, 11 We did not observe a close relationship between BRCA1 promoter hypermethylation and prognosis (DFS and OS) of OC, which was also in accordance with a previous study. 8 Immune evasion is a hallmark of tumorigenesis and cancer development. One of the most effective evasion tactics adopted by malignant tumors is to impair the potency of tumor immunity. As the fields of oncology and immunology have developed, it has been confirmed that OCs are immunogenic tumors. The number of CD8 + TILs was significantly associated with tumor grade and disease stage. 12 Tumor-infiltrating lymphocytes were also related to the prognosis in OC which indicated that TILs might serve as a novel prognostic marker. 12 Ovarian cancer cases with BRCA1 methylation had more intraepithelial TILs compared with those without BRCA1 abnormalities. 13 Moreover, DNMTis boost tumor immunogenicity and immune response.
14 To evaluate the correlation of immune checkpoints (PD-L1, PD-L2, PD-1, and CTLA-4) with DNMTi in patients with myeloid malignancies, a study evaluated the effect of the treatment of leukemia cells with decitabine (DAC) and revealed that DAC leads to dose-dependent upregulation of these 4 genes. 15 Another study demonstrated that DNMTi reversed the repression of Th1-type chemokines CXCL9 and CXCL10, increased effector T-cell infiltration in the tumor site, and thus improved the therapeutic efficacy of adoptive T-cell transfusion and PD-L1 inhibitor in mice with OC. 16 Moreover, mice treated with PD-L1 checkpoint blockade or DZNep (an inhibitor of S-adenosyl methionineYdependent enzymes) plus DAC exhibited decreased tumor size and increased CD8
+ T lymphocyte and Th1-type chemokine expression. 16 Therefore, the inhibition of DNA hypermethylation synergistically increased the therapeutic efficacy of antiYPD-L1 pathway therapy in malignant tumors. In the present study, we identified a correlation between BRCA1 methylation and the expression of PD-L1 in OC and thus indicated the possibility of a strategy combining DNMTis with PD-L1 inhibitors for OC therapy, particularly for drug-resistant OC. Several agents that block the PD-1 pathway have been approved by the Food and Drug Administration, such as pembrolizumab and nivolumab.
Because of the stability, sensitivity, specificity, and restriction to limited regions of DNA hypermethylation in comparison with DNA mutations, hypermethylation has potential as a biomarker. In our study, no significant difference was observed between BRCA1 hypermethylation and the clinicopathologic features of OC; we proposed that several factors should be considered before using OC hypermethylation in clinical practice. Ovarian cancer is a heterogeneous tumor, and the frequency of DNA methylation varies greatly with gene and tumor type. Moreover, the cutoff value is supposed to be standardized. Furthermore, compared with an individual gene, a panel of gene methylations could be explored in the future, which can increase the test's sensitivity and specificity. In addition, the characteristics of DNMTis such as low specificity, substantial toxicity, and poor bioavailability should not be neglected. Although the epigenetics of OC is still in its infancy, developments in oncologic epigenetics and immunology will move gene hypermethylation applications into new territory.
The predictive value of PD-L1 is inconsistent in patients with cancer. A study demonstrated that PD-L1 had no significant correlation with various clinicopathologic factors in OC, namely, age, primary tumor status, LNM, distant metastasis, histological type, residual tumor status, and chemotherapy. 17 Other studies discovered that PD-L1 mRNA expression was associated with longer recurrence-free survival in breast cancer 18 and that PD-L1Ypositive cases were significantly associated with poor prognosis in gastric cancer. 19 In the present study, using a 10% threshold, positive tumor PD-L1 immunoreactivity was detected in 66 (59%) patients, and the remaining 46 (41%) patients had less than 10% tumor immunoreactivity, or complete absence or weak staining of PD-L1. No significant correlations were observed between PD-L1 expression and age, menstrual status, histological type, tumor location, stage, LNM, or prognosis (P 9 0.05), which was similar to the finding of a previous study. 20 Several reasons may account for these results. The scoring systems and cutoff values used to define PD-L1Ypositive expression were not the same. Moreover, different antiYPD-L1 antibodies were used with different staining platforms and protocols, which can cause different staining patterns. The population enrolled in the present study was relatively small, which could have limited statistical estimations. Because of our limited number of cases, a larger study to confirm the relationship between BRCA1 gene methylation, PD-L1 protein expression, TILs and the clinicopathologic features of sporadic OC is required in the future.
